Micro-Electromechanical Systems (MEMS) has been regarded as one of the most promising technologies for the 21st Century. Recently, some highlight areas attract great attention including Inertial MEMS, Optic MEMS, RF MEMS, BioMEMS, Power MEMS, and NEMS. The state of arts on MEMS research in China is briefly introduced and research activities in Northwestern Polytechnical University such as MEMS CAD tool, inertial MEMS devices, flexible substrate for MEMS integration, micro mirror, micro battery and three dimension measurement are demonstrated.
Introduction
MEMS is identified as miniaturization, integration and mass manufacturing and has been regarded as one of the most promising technologies for the 21st century.
Current MEMS products include accelerometers for airbag sensors, inkjet printer heads, computer disk drive read/write heads, projection display chips, blood pressure sensors and many other products that are all manufactured in high commercial volumes. According to NEXUS analysis, over the next five years, MEMS market is predicted to grow at a rate of 16% per year from $12 billion in 2004 to $25 billion in 2009.
Technology Trends
MEMS technology has developed from single device to integrated system, from individual basic process to standardized manufacturing system. Recently, some highlight areas attract great attention including Inertial MEMS, Optic MEMS, RF MEMS, BioMEMS, Power MEMS, and NEMS(Nano Electro Mechanical Systems).
Inertial MEMS. Micromechanical inertial sensors including micro-gyroscope and micro-accelerometer are expected to replace many of the current mechanical sensors [1] . Micro-gyros are usually designed as an electronically driven resonator, while micro-accelerometers are either the displacement mass type that use closed-loop capacitive sensing and electrostatic forcing, or the resonator type. The military market will push the development of these sensors for applications such as "competent" and "smart" munitions, aircraft and missile autopilots, short-time-of-flight tactical missile guidance, fire control systems, radar antenna motion compensation and so forth. The potential commercial market for micromechanical inertial sensors is also quite large. Many micromechanical inertial sensor applications exist for automobiles, such as airbags, braking, leveling, and GPS-augmented navigation systems. Additional commercial applications can be found in products such as camcorders, factory automation, general aviation and medical electronics.
Optic MEMS. Optic MEMS or MOEMS (micro-opto-electro-mechanical systems) can be defined as devices providing simultaneously mechanical, electrical, and optical functions, collectively fabricated by batch-process MEMS techniques [2] . One of the main application areas for MOEMS is optical communications. For optical network infrastructure, MEMS optical cross connects, add-drop multiplexers, WDM/DWDM switches and others will be highlighted. Another very strong opportunity for MOEMS is digital image acquisition, presentation (displays, printers) or processing. The most advanced demonstration is the DMD (digital micromirror device) fabricated by Texas Instrument and commercialized for projection devices and printers. Scanning devices can also find applications for image generation, printing, bar code reading, or anticollision systems. Deformable membranes are also proposed in adaptive optics for astronomy or military applications.
RF MEMS. RF MEMS refers to the design and fabrication of MEMS for Radio Frequency integrated circuits. DARPA's interest in military radar in the mid-1990s first spurred significant R&D effort in this area, and it was 2001 before the first RF MEMS component was commercialized by Agilent Corporation [3] . RF MEMS enable new architectures for the next generation of telecommunication systems, easily and rapidly reconfigurable and operating over a wide frequency range. Examples of RF MEMS devices are micro-switches, tunable capacitors, micro-machined inductors, micro-machined antennas, micro-transmission lines and resonators including micro-mechanical resonators, bulk acoustic wave resonators and cavity resonators.
BioMEMS. BioMEMS is expected to revolutionize the way that medicine is practiced and delivered [4] . Up to nowadays, there are three exciting new opportunity areas of BioMEMS in medicine: surgical microsystems (intelligent micro-invasive surgical tools), diagnostic microsystems (biochips and related micro-instrumentation), and therapeutic microsystems(health care management systems).
Power MEMS. The term "Power MEMS" was first suggested by Epstein and Senturia in 1996 to describe microsystems which generated power or pumped heat [5] . Since that time, the Power MEMS system has evolved into a broader concept which includes new heat engine concepts and micro-battery schemes. Heat engines convert chemical energy into heat and then mechanical work. This mechanical energy may be used directly for applications such as vehicle propulsion or fluid pumping. Micro batteries convert chemical or other energy directly to electrical energy. Different kinds of micro batteries such as micro Zn-Ni battery, micro lithium battery, micro thermo-electric battery, micro fuel cell and micro solar cell and so on have been investigated.
NEMS. NEMS is the technology to construct systems from micron scale to nanometer scale. The breakthroughs of new technologies such as atom and molecule manipulation, molecular self-alignment and nano manufacturing have provided technology foundation for design, fabrication and packaging of NEMS. NEMS technology can be used in nano information system and nano attacking system [6] .
State of Arts in China
The MEMS research in China started at the beginning of 1990's. 
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Advances in Materials Manufacturing Science and Technology II Fig.1 The MEMS Integrated Design Platform MEMS CAD Tool. MEMS Integrated Design Platform, the first integrated MEMS CAD tool in China, is developed in laboratory. This is a suite of integrated tools that offers a comprehensive methodology for the design, optimization, and analysis of MEMS, including system-level design, device-level design, and process-level design. The MEMS Integrated Design Platform has been Materials Science Forum Vols. 532-533 183 applied in many research institutes and companies. Inertial MEMS Devices. An integrated design method to form a top-down design flow of micro-gyroscope is developed. The key technologies such as the electro-mechanical coupling and weak signal detection were studied. Two micromachined tuning fork gyroscopes with high eigenfrequency were fabricated and tested. Meanwhile, several types of micro-accelerometers were designed and fabricated.
Flexible Substrate for MEMS Integration. A kind of polyimide flexible substrate is designed independently and its fabrication process is standardized so that micro sensor and actuator arrays can be integrated in the substrate and the whole can be mounted on other macro structures to realize macro control. This is the first applied MEMS flexible substrate and the integrated arrays in mainland of China.
Micro Mirror. The micro deformable mirror for adaptive optics which may be used in telescope systems and laser beam weapons is investigated. Several kinds of micromirror arrays were fabricated with surface micro fabrication process.
Micro Battery. Compared with micro fuel cells and micro chemical batteries, radioisotope power offers a good choice for long-lived, high energy density applications. The research group in NPU has succeeded in producing the inverse pyramid structure arrays of micro radioisotope battery.
Three Dimension Measurement. The Digital Image Measurement and Analysis System for MicroMachined Structure using the advanced no-contact digital image measurement technology is developed.
Conclusion
MEMS technology has become one of the most rapidly changing fields today. Although there is certain gap between China and developed countries on MEMS research, we still have many opportunities and challenges since MEMS research start not long. It is confirmed that the research work on MEMS in China will certainly make great progress in the future.
